Background: This study prospectively examined patterns of objectively-assessed sedentary time and moderate-to-vigorous physical activity (MVPA) during a one-year period following completion of primary treatment among breast cancer survivors. The potential moderating effect of weight status on sedentary and MVPA time was also examined.
INTRODUCTION
Breast cancer survivors who are physically active at moderate-to-vigorous (MVPA) intensity during and after their cancer treatment(s) are less likely to have a cancer recurrence, less likely to die from their cancer, and more likely to live longer than survivors who are not physically active (1, 2) . However, current estimates suggest that anywhere from 50% to 80% of breast cancer survivors are not meeting physical activity guidelines [i.e., 150 minutes of MVPA per week](3). These estimates are likely underestimated given the reliance on self-report assessments of MVPA. Only one study to date has used objective monitoring devices such as accelerometers to more accurately estimate MVPA among breast cancer survivors (4) . (6) . Sedentary behavior is defined as any waking behavior characterized by a low energy expenditure (i.e., ≤1.5 resting metabolic equivalents) while in a sitting or reclining posture (7) . Little is known about objectively-assessed sedentary time among breast cancer survivors, other than minimal descriptive data showing survivors spent an average of 66% (i.e., ~9 hours) of their day in sedentary pursuits (4) . Nonetheless, self- Evidence has suggested that overweight survivors engage in more sedentary time (9) and less MVPA (10) . Weight status is often assessed using body mass index (BMI), which is a generalized measure providing an index of overall body size and composition. However, alternative measures that assess central adiposity, such as waist circumference, waist-hip ratio, and waist-to-height ratio (WHtR), may be more distinguishing weight status markers for health compared to BMI (11) . For example, WHtR was found to be a superior predictor of cardiometabolic risk in a large systematic review and meta-analysis compared to BMI and waist circumference (11) . Few studies include both generalized and central indicators of weight status among cancer survivors, and explore the unique associations with health behavior outcomes.
Understanding how weight status interacts with lifestyle behaviors over time would help identify key times in the cancer trajectory when intervention efforts are likely needed. To date, no study has collected objectively-assessed lifestyle behavior and weight status data at multiple time points post-treatment for breast cancer.
It has been suggested that the period immediately following primary treatment is a transient phase that may be critical for behavior modification interventions (12, 13) . Therefore, it is important to understand, more precisely, survivors' lifestyle behaviors in the early posttreatment period. The primary objective of this study was to prospectively examine patterns of objectively-assessed sedentary and MVPA time at three-month intervals during a one-year period following completion of primary treatment. The secondary objective of this study was to 
MATERIALS AND METHODS

Patients and Setting
Stage I to III breast cancer survivors who had completed primary treatment at (location withheld for review) were recruited (N = 199) to participate in an ongoing longitudinal study investigating the natural developmental changes in lifestyle behaviors. Survivors were recruited through advertisements and oncologist referrals from various local medical clinics and hospitals, and asked to contact the research team by phone to obtain additional details on the study.
Interested survivors were screened for eligibility using the following inclusion criteria: (1) at least 18 years of age; (2) 0-20 weeks post primary treatment (i.e., surgery, chemotherapy, radiation therapy) for stage 1 to III breast cancer; (3) had a first cancer diagnosis; (4) able to provide written informed consent, read and speak in English or French; and (5) report no health concerns that prevent them from engaging in physical activity. The appropriate university and hospital research ethics committees approved the study protocol, and all survivors provided written informed consent before data collection began.
Lifestyle Behavior
Lifestyle behaviors (sedentary behaviors and MVPA) were assessed using Actigraph GT3X accelerometers (Actigraph, Pensacola, Florida). Survivors were asked to wear the accelerometer on their hip during waking hours for a seven-day period, except for periods of bathing/showering or other water activities. Survivors' data were downloaded in 60-second epochs and established cut-points (14) were used to calculate daily minutes of moderate (1952-5724 counts•minute -1 ) and vigorous (> 5725 counts•minute -1 ) physical activity, while controlling for the number of days the accelerometer was worn. MVPA was a sum score of weekly minutes in MVPA. Sedentary time was analyzed as <100 counts•minute -1 , adjusted for non-wear time operationalized as at least 60 minutes of consecutive zeros (15) . Data were included in the analyses if there were no extreme counts (> 20,000) and if data were available for at least 500 minutes on 4 or more days. The lower limit of wear time compared to established criteria of 600 minutes was consistent with participants' daily diary records for time awake. cutoff of 0.5 was used to differentiate 'healthy WHtR' and 'unhealthy WHtR' women (11).
Weight Status
Personal and Medical Characteristics
Personal and cancer-related characteristics were collected via a self-report questionnaire at baseline for descriptive purposes. Personal characteristics included age, level of education, household income, marital status, self-identified race/ethnicity using the categories provided by Census Canada, and menopausal status. Cancer-related characteristics included stage of breast cancer at diagnosis, treatments received, and dates of diagnosis and treatment completion.
Data Analyses
Descriptive statistics (means, standard deviations) were computed for all study variables.
Survivors were classified as meeting MVPA guidelines if they engaged in at least 150 minutes of MVPA, or 75 minutes of vigorous activity, or some combination per week (3, 17) . For the main research questions, a repeated-measures analysis of covariance (RM-ANCOVA) was conducted with BMI (healthy weight vs. overweight) or WHtR (healthy vs. unhealthy) as the betweensubjects variable, time (baseline, 3-, 6-, 9-, and 12-month) as the within-subjects variable, and values for sedentary and MVPA time as the dependent variables. Covariates in all models included age, education, stage of breast cancer, and time since diagnosis. Significant withinsubjects effects indicated differences in sedentary behavior and MVPA mean scores across time points, whereas significant between-subjects interaction effects indicated that patterns of change in these variables differed according to weight status. In significant models, univariate effects were computed to detect the specific significant differences in time and weight status. All statistical analyses were performed using SPSS Version 20. women, all dropped out within the first three data collections (n=14 after baseline.
RESULTS
Descriptive Statistics
Compliance with wearing the accelerometers was excellent (median = 7 days, range = 4 to 7 days), and wear time ranged from 9.18 to 17.23 hours (551-1034 minutes) per day across all time points (see Table 2 ). Based on mean minutes per day spent in sedentary and MVPA (see Table 2 ), survivors were highly sedentary and inactive across all the time points. Nearly 29% of survivors met MVPA guidelines at baseline, compared to 22% at 12 months. Fewer overweight women met guidelines at all time points, regardless of weight status indicator used (data available from first author).
Main Analyses
All models are adjusted for baseline age, education, stage of breast cancer, and time since Table 2 ) suggest that breast cancer survivors with healthy WHtR engaged in greater MVPA at three-, six-, nine, and 12 months compared to survivors with unhealthy WHtR.
As a sensitivity analysis, all models were also examined using WC as the moderating variable.
WC was dichotomized at 88 cm given the recommendation for this cut-point as indicative of heightened health risks for adult women (16) . The models were consistent with the results using WHtR, the other central adiposity measure.
DISCUSSION
Studies of change in sedentary time and MVPA post-treatment among cancer survivors are scarce and have typically used self-report measures and few timepoints (18) (19) (20) (21) . This study of a convenience sample of breast cancer survivors was designed to expand on the current knowledge using objective measures of lifestyle behaviors, coupled with five waves of data collected over (3) . A descriptive exploration of the current data may suggest critical times for intervention include the three to nine-month post-treatment period. Clinicians may choose to address MVPA with their patients at this critical time.
There are limitations worth noting. The convenience sample of breast cancer survivors may limit generalizability of the findings given women were predominantly White/Caucasian, well-educated, and presented with stage I or II breast cancer. However, their personal and cancer descriptive data suggest that the sample is similar to population health reports (27). Another limitation is that accelerometers do not capture accurate workload pertaining to certain activities (e.g., stationary biking, swimming, weight training). However, objective assessment of sedentary and MVPA time provides unbiased estimates compared to self-report measures. A final limitation was that hip circumference was not measured, precluding assessments of waist-to-hip ratio as a central adiposity indicator. Despite these limitations, the current study improves on past studies. The prospective design with multiple waves of data collections at short intervals enables the identification of critical timing for natural change in sedentary and physical activity behavior.
The focus on early post-treatment breast cancer survivors captures a sample that is often overlooked in research and practice.
In conclusion, the current data suggest that breast cancer survivors are "sitting" on the crest of a teachable moment (12) , and may dispel the belief that health events (i.e., breast cancer 
